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Abstract:  The study reports the biomediated silver nanoparticle synthesis using the cell free 8 
extract of a soil bacterium, Exiguobacterium mexicanum PR 10.6. The silver nanoparticle 9 
samples were characterised using UV-Visible spectroscopy, Energy Dispersive Spectroscopy 10 
(EDS), Fourier Transform Infrared Spectroscopy (FTIR), and Transmission Electron 11 
Microscopy (TEM). The results show that silver nanoparticle of size range 5-40 nm could be 12 
synthesised using this method.  The extracellular polymeric substance (EPS) plays the critical 13 
role in the silver ion reduction and nanoparticle stabilisation, when using the cell free extract.  14 
The results suggest that the biomediated synthesis using Exiguobacterium mexicanum PR 15 
10.6 could be an effective eco-friendly rapid method for silver nanoparticle synthesis in an 16 
hour.  17 
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Introduction 21 
 Nanomaterials, which are defined as materials with at least one dimension roughly between 22 
1 and 100 nm. The characteristic features of nanoparticles such as their high volume/surface 23 
ratio, surface tailorability, improved solubility and multifunctionality open many new 24 
possibilities for biomedicine (Gao and Xu 2009). The optical, electronic and electrical 25 
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properties of nanoparticles are size dependent and various novel methods for the size 26 
controlled synthesis of silver nanoparticles are being developed (Li et al. 2006). The high 27 
energy requirement in physical methods of nanoparticle synthesis and the waste disposal 28 
problems in the chemical synthesis due to the heavy use of organic solvents, toxic reducing 29 
agents and capping agents are major demerits of the conventional nanoparticle synthesis (Xie 30 
et al. 2005). These factors have led to a demand for the development of more environmental 31 
friendly methods for the nanoparticle synthesis for sustainability. Biological synthesis of 32 
metal nanoparticles has been considered as one of the eco- friendly approaches for the 33 
synthesis of the metal nanoparticles (Vigneshwaran et al. 2007). These process in which 34 
materials are synthesised using biological agents such as ,bacteria (Juibari et al. 2011), fungi 35 
(Castro-Longoria et al. 2011), yeast (Kowshik et al. 2003),  live plants (Gardea-Torresday et 36 
al. 2003),  plant  extracts (Hebbalalu et al. 2013; Sivaraj et al. 2014 ), enzymes (Kumar et al. 37 
2007)  and peptides from phage library (Naik et al. 2002).  38 
In this study, we report the biomediated synthesis of silver nanoparticles using a novel strain 39 
Exiguobacterium mexicanum PR 10.6 isolated from metal contaminated soil samples of 40 
North East of England.  The silver nanoparticles are characterised using UV- Visible 41 
Spectroscopy, Energy Dispersive Spectroscopy (EDS), Fourier Transform Infrared 42 
Spectroscopy (FTIR) and High Resolution Transmission Electron Microscopy (HRTEM). 43 
 44 
Materials and methods 45 
 46 
Chemicals 47 
Silver nitrate (Sigma) was used as the metal precursor solution for silver nanoparticle 48 
synthesis. Nutrient broth (Oxoid) and Nutrient agar (Oxoid) were used for the growth and 49 
subculturing of the bacterial strain.  50 
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 51 
Biomediated synthesis of silver nanoparticle 52 
 53 
The bacterial culture, Exiguobacterium mexicanum PR 10.6 was subcultured in 100 ml 54 
nutrient broth and incubated at 30oC for 48 h in a rotary shaker (New Brunswick-Innova) at 55 
150 rpm and the culture was centrifuged using centrifuge (Thermo electron corporation -56 
CR31) at 5,000 (g) for 10 min to separate the bacterial pellet from nutrient broth. The 57 
bacterial pellet was suspended in 100ml sterile distilled water and mixed thoroughly. The 58 
bacterial cell suspension was centrifuged at 14,000 (g) for 20 min. The supernatant was 59 
filtered through 0.2µm filter (Whatman filter) and the filtrate was used for the silver 60 
nanoparticle synthesis. In 90ml of the filtrate, 10ml of 10mM silver nitrate solution was 61 
added. The reaction mixture was incubated at room temperature (20±2oC). 62 
 63 
Instrumental characterisation of biomediated silver nanoparticle sample 64 
 65 
An aliquot of sample was taken at 1 h from reaction mixture and analysed in UV-Visible 66 
Spectrophotometer (Jasco), using cuvette (Plastibrand). The wavelength scan measurement 67 
was performed between the wavelengths, 200 and 800 nm at resolution of 1 nm with a 68 
scanning speed of 0.1 nm/sec. The analysis in Energy Dispersive X-ray Spectroscopy (EDS; 69 
Inca Penta) equipped with Scanning Electron Microscopy (SEM; Hitachi S-3400 N) at an 70 
accelerating voltage of 20 KeV  was carried out using dried samples at 40oC and fixed on 71 
carbon tabs and mounted on sample holders. The liquid sample (100 µl) were added on the 72 
lacey grids (Agar) and air dried for 15 min and analysed in Transmission Electron 73 
Microscopy (TEM; Jeol 4000 EX HREM) at voltage 400 KV with vacuum of 4.5 *105 Torr. 74 
The aliquot of sample was freeze dried (ThermoScientific-Heto PowerDry LL1500 and 75 
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Fourier Transform Infrared Spectroscopy (FTIR) analysis (Thermo electronic corporation-76 
Nicolet 5700) was carried out using the between 400 and 4000 cm-1. The result was analysed 77 
using OMNIC software. 78 
 79 
Results 80 
 81 
Biomediated synthesis of silver nanoparticle 82 
 83 
The bacterial cell free filtrate when mixed with 1mM silver nitrate was initially colourless.  84 
Within 10 min, a gradual colour change was observed. In 30 min, the colourless solution had 85 
changed to a brown colour, which became intense after1 h (Fig 1-inset). This dark brown 86 
colour is an indication of the formation of the silver nanoparticles (Bhainsa and D’Souza 87 
2006). 88 
Note 1: (Insert Figure 1) 89 
 90 
Instrumental characterisation of the biomediated silver nanoparticles 91 
 The UV-Visible spectroscopy spectrum results of the samples after 1 h exhibited a peak at 92 
412 nm (Fig. 1) indicating the formation of silver nanoparticles. Silver nanoparticles 93 
characteristically produce a peak in the region 350-450 nm (Mulvaney 1996). EDS analysis 94 
of these particles confirmed that the sample contained predominantly silver (Fig 2). The 95 
sample has other elements such as silicon, oxygen, phosphorus, chlorine, and calcium. The 96 
transmission electron microscope (TEM) images (Fig. 3a) show that the silver particles are 97 
nanosize, typically less than 50 nm in diameter, being present in two size populations 98 
comprising smaller particles in the range  5-13 nm and larger particles in the range of 20-30. 99 
Under higher magnification (Fig. 3b), the crystal lattice was evident, confirming the 100 
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crystallinity of the nanoparticles. The FTIR spectrum obtained from the biomediated silver 101 
nanoparticle sample (Fig 4) exhibited major peaks at 3247 (cm-1), 2916 (cm-1), 1635 (cm-1), 102 
1547 (cm-1) and 1051 (cm-1) indicating the presence of amides. 103 
 104 
Note 2: (Insert Figure 2, 3 and 4) 105 
 106 
Discussion 107 
 108 
Biomediated synthesis of nanoparticles is an environment benign silver nanoparticle 109 
synthesis process The process helps to obtain nano structures with less defects and better 110 
short and long range ordering, as the a process is mainly driven by reduction of Gibb’s free 111 
energy (Leela and Vivekanandan 2008).   The bacterial based nanoparticle synthesis also has 112 
advantages such as easiness in downstream processing, genetic manipulation, short doubling 113 
time etc (Sastry et al. 2003). In the biomediated silver synthesis, the colour change of the 114 
solution after adding silver nitrate is the indication of the formation of nanoparticles (Fig. 1-115 
inset). The colour change of the solution can be attributed to the specific optical properties of 116 
the nanoparticles (Mulvaney 1996). The silver nanoparticles exhibit characteristic peaks 117 
between 350 - 450 nm due to Surface Plasmon Resonance (SPR) effects. This work 118 
demonstrated that the SPR at 412 nm (Fig. 1) was indicative of spherical nanoparticles 119 
without size variation (Mock et al. 2002).  120 
The other elements (phosphorus, calcium, chlorine and silicon) identified in the EDS (Fig. 2) 121 
indicate the presence of biological matrix present in the sample. The silicon peak could have 122 
been attributed by the stub used for the analysis. The HRTEM images (Fig 3a) confirm that 123 
the particles are between 5 and 30 nm in diameter. The FTIR result of the sample (Fig.4) 124 
shows characteristic stretching vibrations of N-H bonds in the region of 3247 cm-1. The 125 
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intense peak at 1635 cm-1 could be the stretching vibrations of the Carbonyl group (C=O).  126 
The combination of N-H deformation and C-N stretching vibrations attributes the peak of 127 
1547 cm-1. The peak at 1051 cm-1 could be the stretching vibration N-H bond.  The aliphatic 128 
–N (CH3)2 groups in the sample are indicated by the absorption bands at the 2916 cm-1. The 129 
peak pattern in the FTIR correlates to the absorption bands of the secondary amides and the–130 
N (CH3)2  bond refers to tertiary amides (Simons 1978). The presence of amides is evidenced 131 
as the indication of proteins in the sample (Sanghi and Verma 2009). The mechanism of 132 
biomediated synthesis is not completely elucidated and there were several proposals for the 133 
mechanism of nanoparticle synthesis. Gadd et al. (1989) had reported the accumulation of 134 
silver using Pseudomonas stutzeri AG259, which was isolated from silver mine.  The 135 
mechanism of the intracellular synthesis of silver nanoparticles was related to the metal 136 
resistance property of the organism against the toxicity of the metal. Schultze-Lam et al 137 
(1996) had suggested that bacteria could precipitate an amount of metal equal to, or 138 
exceeding their cellular weight. It could be an explanation for the extracellular synthesis of 139 
metals.  140 
 141 
In this study, the bacterial cell free extract is used for the silver nanoparticle synthesis 142 
(Materials and Methods section) and it is suggested that the Extracellular Polymeric 143 
Substance (EPS) play role in the silver nanoparticle formation. EPS are the microbially 144 
produced organic compounds constitutes of polysaccharide, protein, nucleic acids, uronic 145 
acids, lipids and functional groups such as carboxyl, phosphoric, amine and hydroxyl groups., 146 
Proteins have suggested playing key role in the biomediated synthesis of nanoparticles 147 
(Sanghi and Verma 2009). Naik et al. (2002) had shown peptides from the phage library 148 
could form silver nanoparticles and Kumar et al. (2007) demonstrated that the enzyme, 149 
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reductases  could perform metal nanoparticle synthesis. The carbohydrates are also reported 150 
to play role in the silver reduction (Vigneshwaran et al. 2006). 151 
 152 
EPS is loosely attached to the bacterial cell surface. Adav and Lee (2008) had suggested that 153 
high speed centrifugation can extract the soluble EPS to the solution. EPS contains charged 154 
moieties and have adsorptive and adhesive properties. It serves as a natural ligand and 155 
binding sites of metals (Bhaskar and Bhosle 2006; Comte et al. 2008). It is suggested that the 156 
EPS of bacteria acts as the electron donor (Fig. 5) in the biomediated silver synthesis using 157 
cell free extract of bacteria.  158 
 159 
Note 3: (Insert Figure 5) 160 
 161 
In the  biomediated synthesis silver nanoparticle (Fig. 5), the silver nitrate ionises to silver 162 
(Ag+ ) ions and nitrate (NO3-)  ions in the solution, followed by the reduction of the  Ag+ ions, 163 
to metallic silver (Ag0). 164 
  165 
AgNO3   Ag+ (aq ) + NO3(aq )            (1) 166 
 167 
EPS are not active cells but have electrons (Laspidou and Rittmann 2002). The electrons 168 
from the EPS could donate electrons to the   Ag+ ions, reduce them to metallic silver and 169 
stabilise as nanoparticles. 170 
 171 
 172 
Ag+ (aq )  +  e-       Ag0                          (2) 173 
 174 
Ionisation 
Reduction 
H2O 
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This study reports an environmental friendly method for the synthesis of nanoparticles. EPS 175 
mediated method helps for a fast, inexpensive and safe nanoparticle synthesis, by using 176 
bacterial cell filtrate. 177 
 178 
Conclusion 179 
This study focuses on the biomediated silver nanoparticle synthesis using the cell free extract 180 
of bacterium, Exiguobacterium mexicanum PR 10.6, isolated from the soil sample of the 181 
North East England. The instrumental characterisation results show that the cell free extract 182 
of Exiguobacterium mexicanum PR 10.6 could synthesise silver nanoparticle of size range 5-183 
40 nm at room temperature in 1 h incubation time. The study establishes that the biomediated 184 
synthesis is a sustainable way of synthesising metallic nanoparticle without the use of any 185 
toxic chemicals or stringent conditions. It is assumed that the extracellular polymeric 186 
substance (EPS) present in the cell free extract plays the critical role in the silver nanoparticle 187 
reduction and stabilisation.   188 
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List of Figures captions 290 
 291 
Figure 1. UV- Visible spectrum of the sample from biomediated silver nanoparticle synthesis 292 
using cell free extract of the Exiguobacterium mexicanum PR10.6. The inset represents the 293 
visual observations of the sample. In both figure and inset; (A) Silver nitrate, (B) 294 
Biomediated silver sample, (C) Cell free extract (blank).  The spectrum scanning was  295 
between wavelength 250-800 nm. The biomediated sample (B) has turned to dark brown in 296 
colour (inset) and shows the characteristic SPR peak at 412 nm in the spectrum 297 
 298 
  
13 
Figure 2. Energy Dispersive Spectroscopy (EDS) spectrum of the biomediated silver 299 
nanoparticle sample. The EDS spectrum shows the peaks for: chlorine (Cl), calcium (Ca), 300 
oxygen (O), silicon (Si), phosphorus (P) and silver (Ag)  301 
 302 
Figure 3. Transmission Electron Microscopy (TEM) image of the biomediated silver 303 
nanoparticle sample.  The Fig 3A shows the nanoparticle distribution at the maginification 304 
50000X. The Fig. 3b shows the magnified image of a single particle, at a magnification of 305 
400000X. The scale bar in A is 50 nm and scale bar in Fig 3B is 5 nm 306 
 307 
Figure 4. Fourier Transform Infrared Spectroscopy (FTIR) spectrum. The spectrum shows 308 
peaks at 3247 (cm-1), 2916 (cm-1), 1635 (cm-1), 1547 (cm-1) and 1051 (cm-1). The peak 309 
locations correspond to the stretching and bending vibrations of the amides   310 
 311 
Figure 5.  The schematic representation of the biomediated synthesis of silver nanoparticle. 312 
Silver nitrate (AgNO3) ionises to silver ion (Ag+) and [(NO3)-1]. The bacterial cell wall has 313 
loosely extracellular polymeric substance (EPS; ). Some of EPS has charged moieties 314 
(-). The silver ion (Ag+) is reduced to metallic particle using the electron provided by 315 
extracellular polymeric substance ( ). The extracellular polymeric substance (    ) forms 316 
layer around the silver nanoparticles and stabilizes metallic silver as individual particles 317 
(AgNP) 318 
 319 
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